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1.0 INTRODUCTION 

S i lver -Tef lon  i s  c u r r e n t l y  be ing  planned t o  be used as t h e  thermal  
c o n t r o l  material cover ing  t h e  r a d i a t o r  s u r f a c e s  on t h e  S h u t t l e  O r b i t e r  
payload bay doors .  These r a d i a t o r s  r e q u i r e  t h e  use  of materials t h a t  have 
a very low s o l a r  absorp tance  ( a s )  and a h igh  emit tance f o r  h e a t  r e j e c -  
t i o n .  However, o p e r a t i o n a l l y ,  materials used on these  c r i t i c a l  r a d i a t o r  
su r faces ,  such as s i lve r -Te f lon ,  w i l l  be exposed t o  a v a r i e t y  of  condi- 
t i o n s  which inc lude  both t h e  n a t u r a l  as w e l l  as t h e  induced environments. 
It i s  very important  t o  understand t h e  in f luences  of t h e s e  environments 
upon t h e s e  materials because of t h e i r  impact upon on-orb i t  o p e r a t i o n a l  
a c t i v i t i e s  as w e l l  as ground ope ra t ions  such as refurbishment .  

Although r a d i a t o r  s u r f a c e s  are s e l e c t e d  t o  be s t a b l e  when exposed t o  
t h e  n a t u r a l  s o l a r  u l t r a v i o l e t  and p a r t i c u l a t e  environment, t h e  d e p o s i t i o n  
of contaminants and t h e  i n t e r a c t i o n  of  t h e  contaminants wi th  s o l a r  ex- 
posure can s i g n i f i c a n t l y  degrade t h e  performance of such an  o p e r a t i o n a l  
su r f ace .  Laboratory tes t  programs and s p a c e c r a f t  experiments have shown 
t h a t  c e r t a i n  contaminants darken s i g n i f i c a n t l y  when exposed t o  s o l a r  
u l t r a v i o l e t ,  r e s u l t i n g  i n  a n  increased  as. 

I 

With t h e  p r e s e n t  requirement t o  main ta in  changes i n  r e f l e c t a n c e  on 
O r b i t e r  r a d i a t o r  s u r f a c e s  t o  less than 1%, i t  becomes very important  t o  
understand t h e  n a t u r e  of s p a c e c r a f t  contaminants when exposed t o  a s o l a r  
environment and t h e i r  e f f e c t  upon s i lve r -Te f lon .  The purpose of t h i s  
s tudy i s  t o  determine t h e  e f f e c t s  of r a d i a t i o n  upon s i lve r -Te f lon  sur -  
f a c e s  a f t e r  contaminat ion by t h e  CVCM ( c o l l e c t e d  v o l a t i l e  condens ib le  
mass) from RTV-560 and MIL-H-83282 h y d r a u l i c  f l u i d .  The tes t  procedure 
was depos i t i ng ,  i r r a d i a t i n g ,  and measuring s o l a r  absorp tance  changes ( v i a  
r e f l e c t a n c e  measurements) i n - s i t u .  Add i t iona l ly ,  c l ean ing  procedures  
w i l l  be developed f o r  s u r f a c e s  t h a t  exper ience  a change i n  s o l a r  absorp- 
t ance  ( a s )  g r e a t e r  than 0.03 so  t h a t  t h e  absorp tance  can  be  recovered 
t o  near  0.08. This  program i s  s t i l l  i n  progress  and t h i s  paper  p r e s e n t s  
t h e  c u r r e n t  r e s u l t s  wi th  RTV-560. 

2.0 EQUIPMENT 

F igure  1 p r e s e n t s  a schematic of  t h e  tes t  se tup  and f a c i l i t y .  The 
equipment c o n s i s t s  of an  u l t r a h i g h  vacuum chamber wi th  feedthroughs , 
manipula tors ,  and LN2 shroud; contaminant source  ho lde r  hea ted  by f i l a -  
ment lamps; a r ecep to r  ho lde r  t o  p o s i t i o n  n ine  s i l ve r -Te f lon  (Ag/FEP) 
samples, a c o n t r o l  Ag/FEP sample, and t h e  barium s u l f a t e  c a l i b r a t i o n  

I 

I 
i 

+ This  work was supported by Nat iona l  Aeronaut ics  and Space Adminis t ra t ion 
Johnson Space Center ,  Houston, Texas, under c o n t r a c t  NAS9-15436. 
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sample f o r  depos i t i on ,  i r r a d i a t i o n ,  and measurement; a spectrophotometer 
wi th  an  i n t e g r a t i n g  sphere  mounted i n  t h e  chamber; a s o l a r  s imula tor ;  
two vacuum u l t r a v i o l e t  lamps; and a temperature con t ro l l ed  qua r t z  c r y s t a l  
microbalance (TQCM) . 

The vacuum chamber normally operated i n  t h e  low Torr  range. 
The LN2 shroud prevented migra t ion  of any contaminants t o  t h e  Ag/FEP ex- 
cep t  through d i r e c t  l i ne -o f - s igh t  from t h e  test source.  The shroud a l s o  
cooled t h e  Ag/FEP samples by r a d i a t i o n  and maintained t h e  contaminated 
samples below -4OOC t o  i n h i b i t  any s i g n i f i c a n t  reemission. The TQCM w a s  
used t o  monitor t he  depos i t i on  and any reemission. Thermocouples were 
used t o  record t h e  temperatures  of t h e  source,  Ag/FEP samples, TQCM, 
spectrophotometer d e t e c t o r  system, and t h e  shroud. 

The RTV-560 source  material w a s  pa in ted  onto a 32.3 cm2 aluminum 
p l a t e  which was mounted t o  t h e  ho lde r  frame. The back s i d e  of t h e  ho lde r  
frame was heated by t h r e e  qua r t z  envelope f i lament  lamps and a thermo- 
couple  w a s  embedded i n t o  the  RTV-560 material. RTV-560 is  a two-component 
room temperature vulcaniz ing  s i l i c o n e  rubber produced by General Electric. 
RTV-560, a methyl-phenyl compound, w a s  prepared us ing  0.5% of d i b u t y l  t i n  
d i l a u r a t e  c a t a l y s t  which corresponded t o  t h e  mixture  f o r  t h e  TML/CVCM 
tests  performed by NASA Goddard. 
seven days a t  r o o m  temperature.  

The RTV-560 samples  were cured f o r  

The r ecep to r  ho lde r  p o s i t i o n s  a l l  n ine  of t h e  Ag/FEP samples i n  
f r o n t  of t h e  outgass ing  source,  i n  f r o n t  of t h e  e x i t  p o r t  i n  t h e  w a l l  of 
t h e  i n t e g r a t i n g  sphere,  and i s  then  r o t a t e d  t o  f a c e  the  s o l a r  s imula tors .  
A c o n t r o l  sample of Ag/FEP i s  used t o  v e r i f y  sample s t a b i l i t y ,  sphere  
alignment,  and o v e r a l l  system performance. A barium s u l f a t e  sample ( t h e  
walls of t h e  sphere are a l s o  coated wi th  barium s u l f a t e )  i s  used t o  ob- 
t a i n  a 100% reading  before  and a f t e r  each set of measurements. Both t h e  
c o n t r o l  and t h e  10077 sample are p ro tec t ed  from t h e  outgass ing  source  and 
t h e  s o l a r  s imula tor  beams. 

A dua l  beam spectrophotometer sends two l i g h t  beams through t h e  
qua r t z  window of t h e  vacuum chamber i n t o  t h e  i n t e g r a t i n g  sphere  where t h e  
r e fe rence  beam s t r i k e s  t h e  d i f f u s e  sphere w a l l  and t h e  m u l t i r e f l e c t e d  
l i g h t  i s  c o l l e c t e d  by t h e  d e t e c t o r  system. The second beam s t r i k e s  t h e  
sample which i s  t i l t e d  a t  a n  ang le  of f o u r  degrees  so t h a t  t h e  specu la r  
s c a t t e r e d  l i g h t  does n o t  e x i t  through t h e  en t rance  p o r t  and i s  s c a t t e r e d  
throughout t h e  sphere.  
c a l l y  r a t i o e d ,  d i sp layed  on a c h a r t  recorder ,  and converted t o  d i g i t a l  
d a t a  f o r  s t o r a g e  on punch cards .  The d i g i t a l  d a t a  i s  processed by t h e  
use  of computer programs. A blocking screen  covered wi th  barium s u l f a t e  
prevents  t h e  specu la r  Ag/FEP samples from d i r e c t  l i ne -o f - s igh t  t o  t h e  de- 
t e c t o r s  which would g ive  i n c o r r e c t  s igna l s .  

The sample and t h e  r e fe rence  s i g n a l s  are e l e c t r o n i -  

An e x t e r n a l  X-25 s o l a r  s imula tor  provides  s o l a r  i n t e n s i t i e s  up t o  
2.5 equiva len t  suns (ES) a t  t a r g e t  samples 2A, 2B, and 2C a f t e r  pass ing  
through a qua r t z  vacuum chamber window. However, t h e s e  s tandard  high- 
p re s su re  xenon lamps are deple ted  i n  t h e  s h o r t  wavelengths r a d i a t i o n  
(less than 230 nm) which have been shown t o  be necessary f o r  changes i n  
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c e r t a i n  films.' Thus, two i n - s i t u  vacuum u l t r a v i o l e t  sources were in- 
cluded t o  i r r a d i a t e  t h ree  samples each. The xenon lamp has 90% of i ts  
t o t a l  r ad ia t ion  (0.621 a) i n  tge - wavelength band of 145 nm t o  160 nm.-2 
This lamp provides 0.359 M*cm a t  one Ag/FEP sample and 0.0081 d = c m  
a t  two o the r  samples. I f  it i s  assumed t h a t  one equivalent  u l t r a v i o l e t  
sun (EWS) i s  the  in tegra ted  standard s o l a r  zero 3ir mass i n t e n s i t y  f o r  
a l l  wavelengths sho r t e r  than 230 nm (0.131 mW-cm- ) , 2  then the  xenon 
lamp i r r a d i a t e s  sample 1 B  with 2.74 EWS and samples lA and 1 C  with 0.062 
EWS, An in - s i tu  hydrogen lamp f a i l e d  during the  t e s t i n g  and was re- 
placed by a k r y p t m  resonance l i n e  lamp (124 m; 0.166 mW*cm-2) which 
produces about 1.3 E W S  on samples 3A, 3B,  and 3C. 

-2 -1 *Hz 
The c h a r a c t e r i s t i c s  of 

The TQCM, with a mass s e n s i t i v i t y  of 3 . 5 ~ 1 0 - ~  g*cm , was kept  
a t  the  s a m e  temperature as the  Ag/FEP samples. 
the  matched set of 10 MHz quar tz  c r y s t a l s  have been t e s t ed  previously 
and ar known t o  be r e l a t i v e l y  i n s e n s i t i v e  t o  temperature changes (+1.5 
Hz. C ) and have a low response t o  thermal r ad ia t ion  from heated sources 
(-7 Hz f o r  a 125OC source).  
f i lm  and i ts  dens i ty  i s  1.2 gocm-', then a change of 340 Hz i s  equivalent  
t o  a f i l m  of 10 nm. 

0 -f 
I f  i is  assumed t h a t  t h e  CVCM i s  a uniform 

3.0 TEST PROCEDURES 

The s t a b i l i t y  of Ag/FEP t o  a vacuum environment and solar rad ia t ion ,  
e spec ia l ly  vacuum u l t r a v i o l e t  wavelengths, was f i r s t  ve r i f i ed .  Then the  
e f f e c t  of the  CVCM from RTV-560 and hydraul ic  f l u i d  f o r  f i v e  d i f f e r e n t  
CVCM thicknesses  w i l l  be measured. The r e f l ec t ance  measurements are re- 
peated a f t e r  i r r a d i a t i n g  with s o l a r  r ad ia t ion  f o r  per iods of a t  least 48 
hours up t o  300 ESH. The 48 hour base l ine  c o r r e l a t e s  t o  near  48 o r b i t s  
on the  average, o r  a th ree  day exposure f o r  normal incidence during sun- 
l i g h t  per iods of t h e  o r b i t .  For sur faces  not normal t o  the  s o l a r  f l ux ,  
t h e  time t o  accumulate 48 hours of sunl ight  i s  increased by d iv id ing  by 
cos 0 where 0 is t h e  angle  with respec t  t o  the  sur face  normal and the  
inc ident  f l u x  d i r ec t ion .  For example, f o r  a sur face  a t  60 degrees,  48 
ESH equates  t o  6 days on o r b i t  and f o r  45 degrees i t  is 4.2 days. 
r en t  estimate of t he  expected i n i t i a l  deposi t ion rate on t h e  Ag/FEP s u r -  
faces of the Shu t t l e  O r b i t e r  ( f ixed a t t i t u d e ,  f l y ing  nose f i r s t  be l ly  up 
i n  a f ixed ZL 
range 1.7~10" gecm *day ; assuming a CVCM dens i ty  of 1.2 g*cmm3 gives 
a f i l m  thickness  of 14 nrn-da~r'l.~ 
levels w i l l  be equivalent  t o  a thickness  from 10 nm t o  400 nm and thus 
cover mission dura t ions  up t o  30 days. 

A cur- 

mode12zero-fegree be ta  angle,  and a t  296 km) i s  i n  the 

Our planned range of CVCM depos i t ion  

General c leaning techniques using so lvents  w i l l  be used t o  study the  
r e s t o r a t i o n  of degraded Ag/FEP samples. 
reviewed f o r  app l i ca t ion  t o  very l a r g e  surfaces .  The re f l ec t ance  w i l l  be 

Successful techniques w i l l  be 

'P, D. Fleischauer  and Lo Tolentino, 7th Conf. Space Simulation, NASA 

2M. P. Thekaekara, Opt ica l  Spectra,  32 (March, 1972). 

3R. 0. Rantanen and D. A. Strange, Shu t t l e  Orbiter-IUS/DSP Sa te l l i t e  

SP-336, 645 (1973). 

I n t e r f a c e  Contamination Study Fina l  Report, MCR-78-512 (January, 1978). 
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remeasured t o  ve r i fy  the  o r i g i n a l  absorptance value or  determine the  
inef fec t iveness  of the  solvent.  

4.0 RESULTS 

After performing the  i n i t i a l  tests, i t  became q u i t e  apparent t h a t  
standard spectrophotometer techniques would not provide the  reso lu t ion  
and r epea tab i l i t y  necessary f o r  t he  low s o l a r  absorptance of t he  Ag/FEP 
samples. With the  typ ica l  s o l a r  abso ptance f o r  Ag/FEP of 0.08 and our 
computed s o l a r  i n t e n s i t y  of 1310 W=m 
t o  2.5 p m ) ,  then a devia t ion  of only 2% i n  the  re f lec tance  produces a 
change of 25% i n  as. 
the  clean Ag/FEP samples ver i fy ing  t h e  s t a b i l i t y  of the  sur faces  t o  
s o l a r  rad ia t ion .  

-5 (wavelength region from 0.25 p m  

Table  1 presents  the s o l a r  absorptance values f o r  

Table 1 Solar  Absorptance of Ag/FEP Samples When Exposed To A Solar 
Simulator (2.32 ES, Samples 2A,2B,2C), Xenon Lamp (0.062 
EWS, Samples l A , l C ;  2.74 EWS, Sample lB), and No Radiation 
(Control, 3A,3B,3C). 

SAMPLE 

CONTROL 

3A 

3B 

3c 

2A 

2B 

2c 

1 A  

1 B  

1c 

SOLAR ABSORPTANCE 

HOURS OF EXPOSURE AVERAGE STANDARD 
DEVIATION 

0 25.83 44.58 66.58 

0.076 

0.073 

0.071 

0.064 

0.065 

0.068 

0.076 

0.091 

0.100 

0.114 

0.054 

0.057 

0.054 

0.053 

0.055 

0.063 

0.075 

0.084 

0.093 

0.110 

0.069 0.060 

0.070 0.056 

0.065 0.052 

0.064 0.054 

0.064 0.055 

0.074 0.057 

0.080 0.070 

0.096 0.087 

0.103 0.095 

0.116 0.110 

0.065 +_0.0097 

0.064 +_0.0088 

0.061 +0.0090 

0.059 +0.0061 

0.060 +O. 0055 

0.066 s . 0 0 7 2  

0.075 s . 0 0 4 1  

0.089 +0.0052 

0.098 50.0046 

0.112 +_0.0030 

The values of s o l a r  absorptance are only r e l a t i v e  due t o  an' as ye t  un- 
determined geometrical fac tor .  The average standard devia t ion  f o r  a l l  
t e n  runs i s  50.0063. 

Eight repeated runs were performed on the  con t ro l  sample, moving l 

and ro t a t ing  the  rod between measurements. 
a l l  e ight  runs w a s  0.0043 showing the  r epea tab i l i t y  of t h e  measuring I 

system. 1 

The standard devia t ion  for 

Table 2 presents  t he  da t a  f o r  t he  change i n a s f o r  the  Ag/FEP samples ~ 

a f t e r  they were con aminat  d b 
depos i t  of 2.54x10-! gocm 

the  CVCM from RTV-560 with an i n i t i a l  -5 and allowed t o  reemit u n t i l  3.32~10'6 
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-2 g-cm (equivalent t o  about 28 nm) remained. The samples were then ir- 
rad ia ted  up t o  49 hoursl2 During t h i s  period the  TQCM slowly l o s t  mass 
reaching 2 . 5 4 ~ 1 0 ' ~  g-cm The temperatures of t h e  TQCM 
and t h e  samples were usually i n  t h e  -80 C range with sho r t  excursions 
t o  -1OOC. Thus, the da t a  i n  Table 2 i s  complicated by the  f a c t  t h a t  any 
increases  i n  as due t o  u l t r a v i o l e t  r ad ia t ion  may be masked by the  de- 
c rease  i n  contaminant thickness. The d a t a  up t o  the f i r s t  27.25 h r s  of 
exposure shows no s i g n i f i c a n t  change i n  as except fo r  samples 2A, 2 B ,  
and 2C. These samples show a decrease im as, probably due t o  the  de- 
c reas ing  contaminant thickness. Solar r ad ia t ion  does not appear t o  
a f f e c t  t h e  CVCM. Af te r  27.25 hours of exposure, t he  d a t a  i s  inconclu- 
s i v e  and i s  being studied fur ther .  The da ta  a t  49 hours is  shown f o r  
completeness, but should not be taken as ind ica t ing  a t rend.  The rad i -  
a t i o n  was continued out t o  147 hours, however, t he  TQCM frequency dropped 
t o  about 50 Hz when the  temperature of t h e  samples accidently reached 
O°C. The s o l a r  absorptance of t h e  samples returned e s s e n t i a l l y  t o  t h e  
c l ean  values. No discolora t ion  o r  any o ther  physical  de fec t s  were ob- 
served on the  samples a f t e r  removing them from t h e  vacuum chamber. 

a f t e r  49 hourg. 

Table 2 Change i n  Solar  Absorptance of Silver-Teflon Samples Contami- 
nated by the  CVCM of RTV-560 and Exposed t o  a Solar  Simulator 
(2.32 ES, Samples 2Ay2B,2C), Xenon Lamp Radiation 147 mn 
(0.062 EWS, Samples l A , l C ;  2.74 EWS, Sample l B ) ,  and no 
Radiation (Control,3A,3B23C). 
TQCM w a s  2.54~19'5 g*:m and w a s  Allowed t o  R e e m i t  Unt i l  
3 . 3 2 ~ 1 0 ' ~  g-cm 

The I n i t i a l  Deposition on t h e  

- 
(Equivalent t o  28 nm) Remained. 

SAMPLE CLEAN 

3A 0.056 

3 B  0.052 
3c 0.054 

2A 0.055 
2B 0.057 

2c 0.070 

1 A  0.087 

1 B  0.095 

1c 0.110 

CHANGE I N  SOLAR ABSORPTANCE 

HOURS OF EXPOSURE 

0.0 21.0 27.25 49.0 

0.002 

0.003 
0.001 

0.011 

0.025 

0.024 

0.007 

0.016 

0.017 

0.006 

0.008 
0.008 

0.015 

0.017 

0.013 

0.008 

0.006 

0.004 

-0.001 

-0.002 
-0.003 

0.010 

0.012 
0.015 

0.008 

0.009 

-0.006 

0.012 

0.022 

0.026 

0.034 

0.038 

0.034 

0.031 

0.027 

0.029 

The TRASYS computer program was used t o  ca l cu la t e  t he  r a t i o  of each 
sample/source view f a c t o r  t o  t h e  TQCM/source view f a c t o r  t o  ver i fy  the  
uniformity of contaminant deposition. Table 3 shows t h i s  view f a c t o r  
r a t io .  I 
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Table 3 Ratio of Sample/Source View Fac tor  t o  the  TQCM/Source V i e w  Factor  

SAMPLE 

3 A  

3 B  

3c 
2A 

2 B  

2c 

1 A  

1 B  

LC 

0.94 

0.97 

0.99 

1.00 

1.00 

1.00 

0.99 

0.97 

0.94 

Table 4 shows the  d a t a  f o r  t he  change i n  as f o r  the  samples contami- 
nated with an i n i t i a l  deposig20f 4 . 0 6 ~ 1 0 ' ~  g*cm'* (equivalent  t o  340 nm), 
decreasing t o  3 . 4 5 ~ 1 0 ' ~  g*cm and remaining r e l a t i v e l y  c n s t an t  through- 
out  the  134.98 hour test  period ending a t  3 . 1 2 ~ 1 0 ' ~  gocm 
i n  parenthes is  below each exposure t i m e  i s  the  frequency of t he  TQCM 
above i t s  i n i t i a l  c l ean  value.  
w a s  improved, r e s u l t i n g  i n  the  samples and the  TQCM s tay ing  a t  about 
-46OC +, 5OC. The temperature of samples 2A, 2B, and 2C was continuously 
monitored during the  e n t i r e  test  period. 
t h a t  both t h e  solar beam and the vacuum u l t r a v i o l e t  r ad ia t ion  had l i t t l e  
e f f e c t  on the  CVCM/FEP/Ag su r face  and t h e  i n i t i a l  change i n  as decreased 
as the  thickness  of t he  CVCM decreased. Samples 3A, 3B, and 3C which 
were not exposed t o  any r a d i a t i o n  show the  same decrease i n a s  a s  t he  ex- 
posed samples. Also, samples 1 A  and 1 C  which were exposed t o  8.37 EWSH 
show the  same change i n  as a s  1 B  which w a s  exposed t o  370 EWSH. Figure 
2 presents  the  change i n  as as a func t ion  of t i m e ,  i l l u s t r a t i n g  the  s i m -  
i l a r  decrease i n  as f o r  these  example samples .  Once again,  when the  TQCM 
was brought up t o  room temperature only a very small r e s idua l  CVCM re- 
mained. The samples were a l s o  v i s i b l y  the  same as t h e i r  i n i t i a l  condi- 
t i on .  

posi ted sequen t i a l ly  i n  f i v e  steps t o  a t o t a l  of 4.46~10'5 g.cm'2. 
da t a  shows an unexpected decrease i n  as from the  c lean  condi t ion.  The 
maximum temperature of t h e  RTV-560 source,  Ts, s t a r t e d  a t  33OC f o r  t he  
f i r s t  l aye r  and reached 65OC'for t he  las t  s t ep .  
of t he  s i lver -Tef lon  samples during depos i t ion  was  -lO°C, nominal temper- 
a t u r e  w a s  -51OC. 

rad ia ted  up t o  85.41 hours and t h e  da t a  is shown i n  Table 6. Once again,  
even f o r  t h i s  heavier  coa t ing  of CVCM, r ad ia t ion  exposure does not s i g -  
n i f i c a n t l y  a f f e c t  t he  contaminated su r face  as. Figure 3 shows a photo- 
graph (22x magnif icat ion)  of t he  contaminated a rea  (atmospheric pressure,  
25OC) f o r  samples lA, l B ,  and 1 C ;  1 C  is t he  a r e a  t o  the  l e f t  of cen te r ,  

1 -9 . The number 

The tenpera ture  con t ro l  of  the  LN2 shroud 

The d a t a  i n  Table 4 ind ica t e s  

Table 5 presents  the  change i n  ag when contaminated by the  CVCM de- 
The 

The maximum temperature 

The samples used i n  the  above test  ( 4 . 4 6 ~ 1 0 ' ~  g.cm'2) were then ir- 

1118 



Table 4 Change i n  Solar Absorptance of Silver-Teflon Samples Contami- 
nated by the  CVCM of RTV-560 and Exposed t o  a Solar Simulator 
and X non Lamp. The I n i t i a l  Deposition on thfj - TQCM w a s  4 . 0 6 ~ 1 0 - ~  
gocm-' and Af ter  134.98 Hours 3 . 1 2 ~ 1 0 ' ~  g-cm Remained. The 
Number i n  Parenthesis B e l o w  the  Hours of Exposure is  the  Fre- 
quency of t he  TQCM above the  I n i t i a l  Clean Condition 

SAMPLE 

3A 

SAMPLE 

3A 

3 B  

3c 
2A 

2B 

2c 

lA 
1 B  

1c 

CHANGE I N  SOLAR ABSORPTANCE 

(TQCM FREQUENCY I N  Hz) 

(1088) (2558) (3873) (8176) (12742) 

-0.014 0.000 -0.004 -0.013 -0.019 

CHANGE I N  SOLAR ABSORPTANCE 

2B 

2c 

1 A  

1 B  

1c 

~~ ~ 

HOURS OF EXPOSURE 

1 -0.006 -0.006 -0.019 -0.039 -0.037 

-0.007 -0.007 -0.024 -0.033 -0.033 
-0.014 -0.003 -0.020 -0.041 -0.043 

-0.031 -0.027 -0.028 -0.049 -0.051 

-0.046 -0.036 -0.038 -0.060 -0.070 
1 

0.0 17.23 22.23 38.37 60.48 65.98 84.73 134.98 
(11602) (9855) (9507) (9427) (9288) (9265) (8943) (8926) 

0.024 

0.013 

0.001 

0.011 

0.025 

0.021 

0.028 

0.042 

0.046 

~ 

0.011 

0.018 

0.005 

0.006 

0.013 

0.012 

0.030 

0.034 

0.044 

0.010 0.015 0.017 0.010 0.016 -0.001 

0.020 0.019 0.045 0.022 0.026 0.020 

0.008 0.008 0.025 0.010 0.014 0.005 

0.011 0.011 0.023 0.009 0.010 -0.003 

0.017 0.018 0.033 0.014 0.018 0.001 

0.016 0.014 0.033 0.014 0.012 -0.001 

0.023 0.026 0.045 0.026 0.015 0.011 

0.022 0.028 0.052 0.030 0.016 0.019 

0.030 0.022 0.053 0.032 0.026 0.023 

Table 5 Change i n  Solar  Absorptance of Silver-Teflon Samples  Contami- 
nated by the  CVCM of RTV-560 Sequentially i n  Five S t e p s  t o  a 
Tota l  of 4.46~10'5 gocm-2. 
From t h  I n i t i a l  Clean Value. 
3.5x10-' g .~rn '~*Hz '~ .  

The Change i n  Solar  Absorptance is 
The S e n s i t i v i t y  of t h e  TQCM is 

3B 

3c 

2A 

-0.009 -0.003 -0.011 -0.029 -0.027 

-0.011 -0.006 -0.020 -0.037 -0.036 

-0.011 -0.010 -0.021 -0.040 -0.040 
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Table 6 Change in Solar Absorptance of Silver-Teflon Samples Contaminated 
by the CVCM of RTV-560 and Exposed to no Radiation (3A,3B,3C), 
Solar Radiation (2A,2B,2C 2.32 ES), and to a Xenon Lamp 147 nm 
(1B 2.74 E W S ;  lA,lC 0.062 EWS). The Initial Deposition on the 
TQCM was 4.46~10'5 gecm-2 and After 85.41 Hours 4.44~10'5 g*cm'2 
Remained. The Change in Solar Absorptance is From the Contamin- 
ated Condition Zero Hours Radiation. 

i 

4 

SAMPLE 

3A 

3B 
3c 

2A 

2B 

2c 

1 A  

1B 

1c 

CHANGE IN SOLAR ABSORPTANCE 

HOURS OF EXPOSURE 

15.0 65.83 85.41 
0.008 0.005 0.015 

0.006 0.005 0.009 
0.002 0.010 0.020 

-0.009 -0.007 -0.006 

-0.005 -0.005 -0.008 
-0.007 -0.004 -0.009 
0.003 -0.005 0.004 
-0.001 -0.002 0.001 

0.007 0.011 0.009 

1121 



1 1 2 2  



1 B  i s  t h e  area i n  t h e  c e n t e r ,  and 1 A  i s  t h e  area t o  t h e  r i g h t  of c e n t e r .  
It a p p e a r s  t h a t  t h e  h t e n s e  vacuum u l t r a v i o l e t  causes the  CVCM t o  c o l l e c t  
i n  l a r g e  d r o p l e t s ,  e f f e c t i v e l y  c l e a r i n g  t h e  s u r f a c e  around it. The CVCM 
t h a t  remains a f t e r  removing the  samples from t h e  vacuum chamber w a s  no t  
a uniform f i l m  but  c o n s i s t s  of var ious  s i z e  d r o p l e t s .  F igure  4 shows a 
photograph (22x magni f ica t ion)  of sample 2C ( a rea  t o  the  l e f t  of c e n t e r ) ,  
2B ( cen te r  area),  and 2A ( a rea  t o  the  r i g h t  of c e n t e r ) .  These samples 
were a l l  exposed t o  t h e  X-25 s o l a r  s imula tor  (2.32 E S ) .  The c l e a r  area 
t o  the  extreme r i g h t  w a s  t h a t  p a r t  of t h e  sample which was under 3C. The 
v e r t i c a l  s t r e a k s  were from an  a c c i d e n t a l  brush by a gloved hand. 
t h a t  the  c ros s  hatched area j u s t  t o  t h e  r i g h t  of c e n t e r  is s i m i l a r  t o  
t h a t  found on sample  3A. F igure  5 shows a photograph (22x magni f ica t ion)  
of sample 3C (area t o  the  l e f t  of c e n t e r ) ,  3B (cen te r  area) ,  and 3A (area 
t o  the  r i g h t  of  c e n t e r ) .  No r a d i a t i o n  was appl ied  d i r e c t l y  t o  t h € s  sample 
however some of t h e  X-25 l i g h t  can j u s t  s t r i k e  t h e  extreme l e f t  s i d e  of 
sample 3C. The s p i d e r  web c h a r a c t e r  of t h e  CVCM on these  samples  d i f f e r s  
from the  d r o p l e t s  found on t h e  samples  i r r a d i a t e d  w i t h  vacuum u l t r a v i o l e t .  
F igure  6 shows a photograph of t he  c o n t r o l  sample .  

Table 7 p re sen t s  t h e  d a t a  f o r  the  change i n  as f o r  a depos i t i on  l e v e l  
of 9 . 6 7 ~ 1 0 ' ~  g.cmm2, t h e  RTV-560 reached a maximum temperature of 48OC. 
No reemission of t h e  CVCM w a s  measured and t h e  s i l ve r -Te f lon  samples  d i d  
not reach a temperature above -4OOC f o r  t h e  e n t i r e  t es t .  
d a t a  does not  show any s t rong  t r ends .  The i r r a d i a t e d  samples, inc luding  
3A, 3 B ,  and 3C which were exposed t o  t h e  krypton lamp,  d id  not  show any 
d i f f e r e n t  changes i n  as than t h e  samples  2A, 2B, and 2C which were not  
exposed t o  any r a d i a t i o n .  
pe ra tu re ,  58% of t h e  CVCM had been reemi t ted .  Visua l  i n spec t ion  of t h e  
samples d id  not  show any s i g n i f i c a n t  c h a r a c t e r i s t i c .  

Table 7 Change i n  S o l a r  Absorptance of S i lver -Tef lon  Samples Contaminated 
by the  CVCM of RTV-560 and Exposed t o  a Krypton Vacuum U l t r a v i o l e t  
Lamp 124 nm (3Ay3B,3C), no Radiat ion (2Ay2B,2C), and a Xenon Vac- 
uum U l t r a v i o l e t  Lamp 147 nm (lB, 2.74 E W S ;  l A , l C  0.062 EWS). 
The I n i t i a l  Deposit ion on the  TQCM w a s  9 .67~10-6  g.cm-2 and no 
Reemission w a s  Measured. A l l  t h e  Columns Show The Change i n  S o l a r  
Absorptance From the  I n i t i a l  Clean Value. 

Notice 

Once aga in ,  t h e  

When the  samples were brought back t o  room t e m -  

SAMPLE 

3A 

3B 

3B 

2A 

2B 

2c 

1 A  

1 B  

1c 

CHANGE I N  SOLAR ABSORPTANCE 

HOURS OF EXPOSURE 

0.00 3.67 21.17 64.76 

0.005 -0.001 -0.001 -0.003 

0.010 0.004 0.005 0.004 

0.013 -0.001 -0.002 -0.001 

-0.001 -0.010 -0.017 0.002 

0.008 -0.007 -0.012 0.003 

0.007 -0.015 -0.011 -0.005 

0.007 -0.012 -0.015 -0.015 

0.011 0.002 -0.012 -0.009 

0.003 0.004 -0.007 -0.010 
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5.0 CONCLUSIONS 

The s t a b i l i t y  of Ag/FEP t o  a vacuum environment and s o l a r  r a d i a t i o n ,  
e s p e c i a l l y  vacuum u l t r a v i o l e t  wavelengths,up t o  370 EWSH was  v e r i f i e d .  
Although an undetermined geometr ical  f a c t o r  produced s o l a r  absorptance 
va lues  d i f f e r i n g  from the  nominal 0.08, t he  s e n s i t i v i t y  and r e p e a t a b i l i t y  
of t h e  ins t rumenta t ion  and a n a l y s i s  techniques w e r e  s u f f i c i e n t  t o  de t e r -  
mine a change of a 

Temperatures gelow -4OOC w e r e  necessary t o  i n h i b i t  s i g n i f i c a n t  reemis- 
s i o n  of t h e  CVCM from RTV-560. The CVCM from a f r e s h  RTV-560 source almost 
e n t i r e l y  reemits when the  contaminated Ag/FEP reaches room temperature.  
RTV-560 sources  t h a t  are used repea ted ly  produce a CVCM t h a t  w i l l  remain 
on the  s u r f a c e  a t  room temperature,  f o r  one case  42% of t h e  CVCM remained. 
The CVCM from RTV-560 i s  c o l o r l e s s  and does not  darken when exposed t o  
s o l a r  r a d i a t i o n  up t o  2.74 EWS f o r  370 EWSH. 

major i nc rease  i n  as occurs f o r  CVCM a t  least  as small as a 28 nm equiva- 
l e n t  f i lm.  Inc reas ing  the  s u r f a c e  d e n s i t y  of CVCM by a f a c t o r  of 13  only 
increases  t h e  change i n  as by a f a c t o r  of 2 .  An equiva len t  f i l m  of 370 nm 
only inc reases  as by about 0.04.  The s o l a r  absorptance of t h e  contaminated 
Ag/FEP is not  a f f e c t e d  by s o l a r  r a d i a t i o n  (wavelengths g r e a t e r  than 250 nm, 
313 ESH) nor  vacuum u l t r a v i o l e t  l i n e  emission (147 nm, 370 EWSH; 124 nm, 
82 EWSH). 

The CVCM from RTV-560 t h a t  remains on the  Ag/FEP su r face  a t  room t e m -  
pe ra tu re  i s  depos i ted  uniformly i n  s m a l l  d r o p l e t s .  The d r o p l e t s  can com- 
bine occupying a smaller s u r f a c e  area then t h e  sum of the  ind iv idua l  drop- 
lets.  In t ense  vacuum u l t r a v i o l e t  enhances the  formation of very  l a r g e  
d r o p l e t s .  Thus, an  i n i t i a l  increase  i n  as can be decreased by both reemis- 
s i o n  of the  CVCM and by l a r g e  d r o p l e t  formation reducing the  e f f e c t i v e  con- 
taminated s u r f a c e  area. 

by 0.01. 

The change i n  as is  not  a l i n e a r  func t ion  of t he  amount of CVCM. The 
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